includes capping the distobuccal or the distolingual cusp reduces the proximal marginal defects from 29.04 percent to 5.0 percent.
Nadal et al. 3 have investigated the relationship between compressive strength and mercury content of silver amalgam placed in standardized cavity preparations and report some marginal deterioration in restorations of low, average, and high mercury content. In their study, 257 amalgam restorations were observed clinically for more than a year. The severity of marginal failures increased as the residual mercury content of the restoration increased. Surface and general degradation were manifested by many of the restorations with average or high mercury content.
McDonald and Phillips,4 Phillips et al.,, and others have made clinical observations as to the behavior of amalgam restorations. Noonan, 6 Brown, 7 and Mahler8 have investigated Class II deciduous cavity preparation design. However, there seems to be no report in the dental literature, of restoration marginal deterioration being quantitatively measured, clinically, over a long period. This information, correlated with cavity preparation design and dental material manipulation, would be of value.
Materials and Methods The teeth selected for this study were from children in the mixed dentition stage who were receiving treatment in the Pedodontic Department at Indiana University School of Dentistry. Teeth selected were limited to the maxillary arch because of greater stability and ease of television microscopic measurement. These teeth were deciduous second molars with incipient to moderate mesial caries, with adjacent and opposing teeth in occlusion, and with suffi-cient clinical crowns to permit isolation with a rubber dam. CAVITY PREPARATION AND RESTORATION. -A mesiocclusal cavity was prepared as described by McDonald,9 with the mesiobuccal proximal wall extended just beyond minimal extensions to provide adequate access for television micromeasurement (Fig.   1 ). A three-dimensional plastic model, duplicating the television microscope light beam, was then placed at the mesiobuccal wall to determine whether the extension was sufficient for the microscope. Preformed, stainless steel matrix* was contoured and wedged at the cervical margin. The alloyt was mixed at the 1:1 ratio of alloy to mercury for 45 seconds with a mechanical amalgamator.S The filling material was inserted and packed by hand condensation, using small amalgam pluggers, until overpacked; then the restoration was carved. The matrix was withdrawn, and the excess amalgam on the proximal walls was removed with an explorer. Imme-diately after carving, an impression of the restored tooth was taken with a heavybodied rubber base impression material and a stock plastic tray.I The patient was seen again after 1 week for polishing of the restoration and television evaluation.
FABRICATION OF SERIAL OBSERVATION DEVICE. The rubber base impression was boxed with yellow beeswax and poured with inlay investment material The impression was poured a second time, using yellow stone that served as a finishing model. was carefully outlined with a sharp pencil. A piece of transparent, adhesive, thin casting wax# was adapted over the mesial half of the occlusal portion of the restored tooth and over the distal half of the occlusal portion of the adjacent tooth, with an extension over the interproximal portions of the restoration and the adjacent tooth from buccal to lingual aspects. The outlined mesiobuccal margin of the restoration could be seen through the wax.
The waxed-up model was placed on a surveyor* so that the marking arm was perpendicular to the mesiobuccal margin of the restoration. A plastic model, duplicating the three dimensions of the television microscope light beam, was fabricated with a hole through its longitudinal center to replace the surveyor arm. A piece of 0.060 stainless steel tubing was fabricated with an internal soldered spring that held a piece of pencil carbon 1 mm. in diameter. The modified surveyor arm was returned to the surveyor along with the waxed investment model. The carbon point was heated slightly, and the surveyor arm was lowered so that the carbon point melted through the wax in the region of the gingival third of the pencil outline of the mesiobuccal margin of the restoration, observed through the transparent wax. After the carbon point had cooled, the spring was disengaged and the surveyor arm raised. This left the carbon point in place in the waxed pattern on the model. A second carbon point was then similarly inserted in the region of the occlusal third of the mesiobuccal margin of the restoration. The investment model was trimmed, sprued on the occlusal surface, invested, and cast in inlay gold. The cast overlay was fitted on the yellow stone model, the sprue was removed, and the carbon points were punched out. The mesiobuccal margin of the restoration could then be microscopically viewed, repeatedly and serially, through the two openings of the overlay that were placed perpendicular to the cavosurface margin. finishing burs. The restoration was polished first with moist flour of pumice, using a rubber cup, then with a tin oxide agent. Throughout the polishing procedure, care was taken to avoid the production of excessive heat that would affect the surface hardness. The cast overlay serial observation device was then placed over the restored tooth for television evaluation of the restoration. The mesiobuccal margin of the restoration was observed by the television microscope through the occlusal and gingival marginal observation holes (Fig. 2 ). This image appeared on the television monitor at X250 magnification, electronically stored by the memory tube, ready for measurement.
Marginal deterioration is defined for the purpose of this study as the space, measured in microns, between the alloy restorative material and the enamel edge, at the mesiobuccal margin of the restoration. Two measurements were noted at each examination. One measurement was made through the hole in the occlusal third of the overlay and one through the hole in the gingival third. A photograph, for recording purposes, was made of each of the images from the master monitor. Serial measurements were noted at 1 and 2 weeks, 1, 3, 6, and 9 months, and 1 year after insertion of the amalgam restoration (Fig. 3 ). The areas to be measured were oriented by the holes in the cast overlay and by visual identification of microscopic landmarks on the tooth and restoration, as viewed on the television monitor.
TELEVISION MICROMEASUREMENT Fic;. 2.-The intraoral television microscope clinically views the mesiobuccal margin of the second deciduous molar (above). A close-up photograph demonstrates the relationship of the objective lens of the microscope to the gold overlay as it is focused through the viewing holes for marginal deterioration measurement (right). The intraoral microscope assembly is labeled in a detail photograph (below). had a free working distance of 16 mm. This working distance made it possible to examine and measure deeper margins of the specimen. The X6 eyepiece (Huygens) was mounted in an attachment that consisted of a lateral-focusing X 10 telescope. The eyepiece and telescope were coupled to the television viewing camera through a light-tight adapter tube. A self-winding central flash synchronized shutter (1/125-second set- ting) activated the storage camera. A release for activating the prism and the shutter was driven, in correct sequence, by a specifically designed electro-solenoid unit that was energized by a foot control switch at the time of exposure. Light and television system design.-A light housing was designed (Fig. 2 ) that combined the light requirements of a pickup tube,* used for focusing and observation, and a storage tube.t A 100-watt mercury arc lamp, with a forced air cooling system, served the pickup tube system through a light beam splitter that utilized a dichroic coating that reflected 4,600A light, for maxi- to tooth. A closed-circuit television camera chaint with the standard pickup tube was used as the focus viewing camera, and an identical camera chain was modified to accommodate the storage tube.
Operation and measurement. During the operation of the microscope, the viewing camera was used to allow the operator to focus the area of the margin to be measured, while adjusting the camera-microscope position. An 8-inch television monitor, located near the microscope area, was utilized to allow the operator to view this image. The storage tube was activated by the shutter foot control, which fired the electronic flash tube, momentarily exposing the storage tube to the viewed image for storage and measurement ( Fig. 3) . A line selector system enabled the operator to select, and identify, any one of the 525 lines of scan of the television image for measurement. Marker dots were electronically generated in the measurement system to identify the area of linear measurement for recording purposes. These dots were moved across the selected marginal deterioration area by a calibrated vernier control that provided linear measurement change as small as 2/. Instrument calibration.-The calibration of the instrumentation was accomplished by focusing the microscope assembly on a glass stage micrometer slide, ruled at 0.01 mm.
35Y-
Tde 25 5 20 X: 10 The micrometer image was centered and focused with the viewing camera, and a storage picture was made with the storage camera. The image positioning was calibrated, using the video mixer-switcher for adding the stored image and the viewing image to make one composite image. The viewing image was then removed, leaving the stored image on the monitor. The line Selector was positioned through the micrometer ruling with marker dots superimposed over the ruling. The spacing between the marker dots was noted and adjusted so that each dot appeared over each 0.01 mm. marking. The calibration of the vernier control, which positioned the markers along the selected line, was adjusted so that one dial division was equal to 0.002 mm.
Results
The gingival marginal deterioration (space between the alloy restoration and the enamel edge at the margin of the restoration) for the sample ranged from 4.9j at one week to 54.8,u at 1 year. The occlusal marginal deterioration ranged from 5.41 at 1 week to 77.7,u at 1 year. The average gingival and occlusal measurements of marginal deterioration for the total sample, consisting of 51 restored second deciduous molars, was plotted against time (Fig. 4) .
The average gingival and occlusal marginal deterioration is demonstrated by a bar graph (Fig. 5 ). The data are presented, relative to the change between the indicated measurement periods, as the average micron change and the percent deterioration during the total 12-month marginal deterioration. weeks. During the period of 1 to 3 months, this deterioration increased to 19.8 percent (9.9,u). The gingival deterioration then decreased to 5.6 percent (2.8p) during the 3to 6-month period and increased to 27.3 percent (13.6,) during the 6-to 9-month period. The gingival deterioration continued to increase to 34.1 percent (1 7.0y) during the 9to 12-month period. The percent occlusal deterioration change increased from 2.8 percent (2 .0w) at 1 to 2 weeks to 9.5 percent (6.9k,) at 2 to 4 weeks.
During the 1to 3-month period, this percent deterioration decreased to 9.0 percent (6.5t). The percent occlusal deterioration then increased sharply to 30.0 percent (21.7wt) during the 3to 6-month period; however, it decreased slightly to 24.4 percent (17.6tx) for the 6to 9-month period.
The occlusal deterioration then remained at the same level of 24.4 percent (17.6L) for the 9-to 12-month period. Discussion
The gingival area of the proximal margin deteriorated at a faster rate during the first 3 months than the occlusal area. Thirtythree percent of the total gingival marginal deterioration occurred during the first 3month period. The occlusal marginal deterioration data, however, demonstrates that 78.8 percent of the total occlusal deterioration occurred in the last 9 months of the study. During the evaluation of the serial television micromeasurement photographic records, it was noted that in all probability the measured marginal deterioration in the gingival area was initiated by microscopic alloy flash. This flash initially broke or chipped away, leaving microscopic areas of unsupported enamel that eventually fractured due to occlusal and masticatory stresses and left additional microscopic areas of unsupported marginal alloy. The chipping of the alloy flash and subsequent enamel breakdown created a repetitive cycle of continuing deterioration. The marginal alloy flash appeared more frequently in the gingival portion of the proximal margin than in the occlusal portion. This observation could account for the greater percentage of marginal deterioration in the gingival por-tion during the first 3 months than in the occlusal portion.
Possible explanations for the increased microscopic alloy flash in the gingival third of the proximal margin are (1) difficulty in restoring and finishing in this area, and (2) excess amalgam on the proximal margin being removed with an explorer, resulting in a burnishing effect that would produce a mercury-rich margin that is vulnerable to fracture.
The present study should be considered a pilot project because of the small number of restoration in the sample and these factors, which have introduced some error: The entire proximal margin was not evaluated and measured, but rather two specific areas were chosen to allow return for serial measurement. Intraoral instrumentation is being developed that will allow the investigator to study and measure the entire margin serially. Plaque and debris formation sometimes made measurements difficult, as the patients were not instructed in oral hygiene procedures. This decision was made so that a clear representation of what happens to an alloy restoration under the usual conditions observed in most children's mouths could be ascertained. Rotary instruments were never applied to the proximal margins after the initial polishing procedure, to avoid changing the surface character of the deteriorating margin. The existing plaque and debris sometimes tended to partially obscure the margin, therefore, and accounted for some degree of error in reorientation and interpretation. Future marginal deterioration studies will be designed to determine the effect of oral hygiene on marginal deterioration. The microscopic expansion and contraction of the alloy restoration sometimes produced a shadow in the marginal area that made it difficult to differentiate shadow and marginal deterioration. Here again, instrumentation is being developed to overcome this problem.
The results of this study indicate the need for reevaluation of the Class II deciduous cavity preparation design that would make it possible to more adequately restore and finish the gingival portion of the proximal margin.
Summary
This study was designed to demonstrate a clinical application of the intraoral tele-vision microscope and to measure and assess the buccal proximal marginal deterioration of the proximocclusal alloy restorations in deciduous teeth. The buccal proximal marginal deteriorations of 51 mesiocclusal silver amalgam alloy restorations in deciduous second molars were serially and periodically measured and evaluated throughout 1 year, using a specifically designed intraoral television microscope.
The data indicate that deterioration of the gingival area of the proximal margin (33 percent) during the first 3 months postoperatively was faster than in the occlusal area (21.3 percent). During the last 9 months, the occlusal area deterioration ( 78.8 percent) was faster. Microscopic alloy flash was more frequently observed in the gingival area and could account for the greater percent deterioration of the gingival area during the first 3 months. Occlusal and masticatory stresses could account for the greater occlusal marginal deterioration during the last 9 months of the study.
